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(54) Image processing system 

(57) An image processing apparatus (96) tor 
processing original image data, having a given density 
range, with a predetermined manner to provide proc- 
essed image data, characterized by comprising means 
(207) for correcting the density range of the image data 
to provkle density-range-corrected image data corre- 
sporxiing to a distribution of the density. qf,ttie image 
data, means (203, 204) for filtering the image data to 
generate filtered image data, means (209) for synthe- 
sizing the density-range-corrected image data provided 
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t>y the correcting means and the f atered image data pro- 
vided by the fOtering means so as to provide synthe- 
sized image data, and means (210) for selecting either 
one of the densrty-range-corrected Image data provided 
by the correcting means and the synthesized imgige 
data provided by the synthesizing means, in accord- 
ance with the density range of the density-rang^^rp 
rected image data, so as to provkle selected image data 
as the processed image data. 
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Description 

The present invention relates to an image processing system, and more particularly to an image processing appa- 
ratus capable of outputting image data supplied from a scanner with a high quality by subjecting supplied image data 

5 to various filtering processes and by synthesizing image data subjected to the fatering processes so as to output syn- 
thesized image data, and to an image processing method therefor. More particularly, the present invention relates to an 
image forming apparatus using the Image processing apparatus. 

In recent years, image forming apparatus, such as digital copying machines and facsimile machines, have been 
significantly widely used. The digital apparatus of the foregoing type must perform image processes for outputting an 

10 image supplied from a scanner and having a high quality. In general, image input/output apparatuses, such as the dig- 
ital copying machines and facsimile machines, suffer from a prot5lem of deterioration In the quality of an input image 
occuning attributable to the MTF (Modulation Transfer FuTKtion) of the optical system arxj deterioration in the quality of 
an input image occurring attrtbutatale to generation of return distortion because of limitation of the frequency range 
required to perform digital sampling. When an image is output, there arises a problem in that the quality of the image 

15 deteriorates owning to the developing system and to the spatial frequency characteristic, such as generation of moire 
peculiar to a digital process. 

Therefore, the MTF con-ection must be performed as a porton of the processes of the image processing system. 
The foregoing MTF correction includes a littering process. The filtering process is dassified into a low pass filtering 
process for preventing moire or the like and a high pass filtering process tor highlighting edges of characters or the like. 

30 In general,* the filtering process is realized by a two-dimensional digital filtering process which is performed in the main 
scanning direction and the sub-scanning direction. That is, the filtering process is performed by nviltiplying pixels in a 
local region with corresponding coefficients, the pixels in the local region being composed of a pixel of interest, which 
must be processed, and pixels surrounding the pixel of interest. Therefore, when the firtering process is performed in 
such a manner that the matrix size is (n x n), the process in the sub-scanning cfirection requires a line buffer tor n lines. 

25 To perform the low pass filtering process and the high pass filtering process, a structure for reducing the cost and 
simplifying tiie structure of the hardware has been suggested in which a line buffer is shared by the low pass filterir^ 
process and the high pass filtering process. That is. the line buffer is shared so that the low pass filtering process and 
the high pass filtering process are performed in parallel to each other. After the low pass filtering process has been 
ended, image data subjected to the low pass filtering process is subjected to a range conection process. After the high 

30 pass filtering process has been ended, a weighting and multiplying process is performed. Image data sutjjected to the 
range conection process and image data subjected to the weighting and multiplying process are synthesized, and then 
synthesized image data is output. 

However, the synthesizing process sometimes results in inversion (hereinafter described as a "density inversion 
phenomenon") of the density between specific image data indudng edge components and specific image data indiid- 

35 ing no edge component from a macroscopic viewpoint (that is. the density is substantially inverted). The above-men- 
tioned phenomenon becomes conspicuous in proportion to the resolution and the rea&zed level of the gradation of the 
printer system. 

The density Inversion phenomenon wtO briefly be descrit>ed. Initially, a region from a lowest density level to a high- 
est density level, which are the subjects of the density levels, uniformly divided into 256 steps (OOh to FFh). The low- 

40 ' est density level is nrade to be OOh arxl the highest density level is made to be FFh. Then, first image data containing 
no edge componerrts and second image data containing edge component are considered. 

An assumption is made that first image data is a 3 x 3 matrix composed of pixels having a density light of FAh. On 
the other hand, second Image data is a 3 x 3 matrix composed of a pixel of interest having a density level of FAh and 
pixels sunounding the pixel of interest and each having a density level of FFh (ttie center of the pixel matrix is ttie pixel 

45 of interest). That is, from a macroscopic viewpoint, the density level of second in»ge data is (substantially) higher than 
the density level of first image data. 

An assumption is made tiiat first image data is subjected to a predetermined low pass fatering process, and then 
subjected to a predetermined range conection process so that a 3 x 3 pixel matiix composed of density level of FFh is 
otJtained. Another assumption is made that first image data is subjected to a predetermined high pass filtering process. 

50 and then subjected to a predetermined multiplying process so that a 3 x 3 pixel matrix having higWighted edges is 
obtained. Since first image data does not contain any edge component the obtained 3x3 pixel matrix does not indude 
the density level having a minus conponent When first image data subjected to the range correction process and sec- 
ond image data subjected to ttie multiplying process are syrrthesized. a 3 x 3 pixel matrix composed o1 the density level 
FFh is obtained. Therefore, image data is obtained by the syrrthesizing process which is a 3 x 3 pixel matrix composed 

55 of a pixel of interest having the density level of FFh. 

An assumption is made ttiat second image data is subjected to a predetermined low pass filtering process, and 
then subjected to a predetermined range conection process so that a 3 x 3 pixel matiix composed of density level of 
FFh is obtained. Another assumption is made that second image data is subjected to a predetermined high pass fBter- 
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ing process, and then siijjected to a predetermined multiplying process so that a 3 x 3 pixd matrix having highlighted 
edges is obtained. The density level of the pixel of interest in the 3 x 3 pixel matrix has minus conponents. When sec- 
ond image data subjected to the range con-ection process and second image data subjected to the multiplying process 
are synthesized, the pixel of interest, which must t>e processed with the density level FFh. is undesirably processed with 

5 a density level which is lower than the density level FFh. Therefore, image data is obtained by the synthesizing process 
which is a 3 X 3 pixel matrix composed of a pixel of interest having the density level of. for example. FAh. and pixels 
surrounding the pixel of interest and having the dertsity level of FFh. 

When the density of first image data and second image data subjected to the synthesizing process are compared 
with each other, it can be understood that the density level of second image djata is. from a macroscopic viewpoint (that 

10 is, substantially), lower than the density level of first image data. That is. a fact can be understood that the synthesizing 
process results in the density level of first image data and the density level of second image data b»ng inverted. The 
density inversion phenomenon l>ecomes conspicuous In a portion in which the density is moderately changed. The phe- 
nomenon is one of causes of deterioration in the quality of the formed image data. Facsimile machines, capable of low- 
ering the resolution by converting the resolution, suffers from a problem in that the local region, in which the density is 

15 inverted, is enlarged in the atxjve-mentioned case and thus ttie deterioration in the quality o* the formed image 
becomes excessive. 

To overcome the above-mentioned problems, an otaject of the present invention is to provide an image processing 
apparatus and an image processing method which have a hardware structure In which a range correction process is 
performed after a low pass filtering process has been performed and a weighting process is performed after a high pass 
so filtering process has been pertonned and which are capable of preventing the density Inversion phenomenon occuning 
attributable to synthesis of image data subjected to the range correction process and image data subjected to the 
weighting process. Another object of the present invention is to provide an image forming apparatus using the Image 
processing apparatus. 

According to one aspect of the present invention, there is provided an image processing apparatus for processtrtg 

25 original image data, having a given density range, witti a predetermined manner to provide processed image data, com- 
prising: means for correcting the density range of the image data to provide density-rsinge-corrected image data oorre- 
sporKPng to a distribution of the density of the image data: means for f Itering the image data to generate f atered image 
data: means for synthesizing the density-range-corrected image data provided by the correcting means and the f Stered 
image data provided by the filtering means so as to provide synthesized image data; and means for selecting either one 

30 of the density-range-con-ected image data provided by the conrecting means and the synthesized image data provided 
by the synthesizing means, in accordance with the density range of the density-range-conrected Image data, so as to 
provide selected image data as the processed image data. 

According to arx>ther aspect of the present invention, there is provided an image forming apparatus comprising: 
means for reading an image and converting read image into a digrtal signal to provide the digital signal as image data: 

35 means for conecting the density range of the Image data to provide density-range-corrected image data corresponding 
to a distribution of the density of the image data; means for filtering the image data to generate fOtered image data; 
means ior synthesizing the densrty-range-oorrected image data provided by the correcting means and the fatered 
image data provided by the filtering means so as to provide synthesized image data; means for selecting either one of 
the density-range-corrected image data provided by the correcting means and the synthesized image data provided l>y 

40 the synthesizing means, in accordance with the density range of the density-range-corrected image data so as to pro- 
vide selected Image data: and means for forming an image In accordance with selected image data to output formed 
image. 

According to another aspect of the present invention, there is provided an image processing method comprising 
the step of: first step for con-ecting the density range of the image data to provide density-range-corrected Image data 
45 corresporxJing to a distritxition of the density of the image delta; secorxJ step for f Ittering the Image data to generate fil- 
tered image data; third step for synthesizing the density-range-corrected image data provided by the first step and the 
filtered Image data provided by the second step so as to provide synthesized inrage data; and fourth step for selecting 
either one of the density-range-corrected Image data provided by the f irst step and the synthesized image data provided 
by the third step, in accordance with the density range of the density-range-corrected image data, so as to provide 
so selected image data. rs- 

As a result of the above-mentioned mearts. the following effects can be obtained. 

The image processing apparatus, the image processing method and the Image forming apparatus according to the 
preserrt invention have the structure such ttiat either image data subjected to the range correction process or synthe- 
sized image data corresporvfing to image data subjected to the range correction process is selected and output in 
55 accordance with the density level of image data siisjected to the range conection process. Specifically, if the density 
inversion phenomenon takes place after the synthesizing process, synthesized image data is output If the density 
inversion phenomenon takes place after the syrtthesizing process, image data subjected to the range correction proc- 
ess is output. As a result the density inversion phenomenon which can be generated attrtoutable to the synthesizing 
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process can be prevented. 

This invention can be more fuUy understood from the toOcwing detailed description when taken in conjunction with 
the accompanying drawings, in which: 

5 FIG. 1 is a diagram showing the schematic structure of a digital copying machine serving as an image forming 

apparatus accordng to an embodiment of the present invention; 
FIG. 2 is a block diagram showing a control system of the digital copying machine; 

FIG. 3 is a diagram showing the schematic stmcture of an image processing section serving as an image process- 
ing apparatus according to the embodimertt of the present invention: 
10 FIG. 4 is a graph showing an example of density histogram produced by a histogram producing section in accord- 
ance with image data read by a scanner; 
FIG. 5 is a table showing the density histogram; 

FIG. 6 is a graph showing a correction reference value calculated by a correction reference value calculating sec- 
tion and a range correction process which is performed in a range correction section; 
15 FIG. 7 is a graph showing a correction reference value calculated by the correction reference value calculating sec- 
tion arxl the range correction process which is performed in ttie range correction section; 

FIG. 8 is a table showing the number of sut>-scanning lines arxJ coefficierrt a corresponding to the number of lines 
when the mode is mode 0; 

FIG. 9 is a block diagram showing the schematic structure of a histogram producing section: 
20 FIG. 1 0 is a graph showing timings of an output dock signal corresponding to the density of a supplied pixel in a 
clock generating section of the histogram producing section; 

FIG. 1 1 is a graph showing an exanple of an output from an addition result generating section in the histogram pro- 
ducing section; 

FIG. 1 2 is a table showing change in each signal corresponding to change in signal FDAT; 
25 FIG. 1 3 is a cfiagram showing an example of addition of signal ZD AT; 

FIG. 1 4 is a timing chart showing the operation of tiie histogram producing section; 

FIG. 15 is a timing chart continued from FIG. 4 and showing the operation of the histogram producing section; 
FIG, 16 is a timing chart continued from FIG. 15 and showing the operation of the histogram producing section; 
FIG. 1 7 is a table showing each pixel value in local region of image data; 
30 FIG. 1 8 is a table showing exanples of coeffictents of a low pass fitter; 
FIG. 19 is a table showing exanples of coefficients of a high pass filter; 
FIG. 20 is a table showing an example of a density inversion phenomenon: and 

FIG. 21 is a flow chart of a selection output process in an image processing method according to the embodiment 
of the present invention. 

35 

An embodiment of the present invention will now be described with reference to the drawings. 

FIG. 1 is a diagram showing a digital copying machine which is an image forming apparatus according to the 
embodiment of the present inventioa 

As shown In FIG. 1 , the digital copying machine comprises an apparatus Ixxly 10. The apparatus body 10 includes 
40 . a scanner section 4 serving as an in^ge reading means and a printer section 6 serving as an image forming means. 

A original-document r^ner 12. on which a subject which must be read, that is. an original document D, is placed 
and which is made of a transparent glass plate, is disposed on the upper surface of the apparatus txxJy 10. Moreover, 
an automatic original document feeding apparatus (hereinafter called as an "ADF") 7 for automatically feeding the orig- 
inal document to the upper surface of the original-document retainer 12 is disposed on the upper surface of the appa- 
ls ratus body 1 0. The ADF 7 can be opened/dosed with respect to the original -document retainer 12 so as to also serve 
as an original document retainer for pressing the original document D placed on the original-document retainer 12 
against the original -document retainer 12. 

The ADF 7 has an original-document tray 8. an empty sensor 9. a pickup roller 1 4, a paper feeding roller 15. an 
aligning roller pair 16 and a conveyance belt 18. The original-documerrt tray 8 receives the original document D set by 
50 a user The errpty sensor 9 detects existence of an original document The pickup roller 14, one l>y one, takes the orig- 
inal document sheets from the original-document tray 8. The paper feeding roller 15 moves the taken original docu- 
ment. The aligning roller pair 16 aligns the leading end of the original document. The conveyance belt 18 is disposed to 
substantially fully cover the origir^-docun^ent retainer 12 to move the original document The original document com- 
posed of a plurality of paper sheets and set on the original-document tray 8 is, from the lowermost page, that is. the final 
55 page, sequentially taken out and then aligned by the aligning roller pair 16. Then, the origir>al document is moved to a 
predetermined position on the origineU-document retainer 12 by the conveyance belt 18. 

A reverse roller 20. a non-reverse sensor 21 . a flapper 22 and a paper discharge roller 23 are disposed at an end 
of the ADF 7 opposite to the aligning roller pair 1 6. The original document D read by a scanner section 4. to be describe 
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later, is supplied from the upper surface of the origiral'document retainer 12 by the conveyance belt 18, and then 
allowed to pass through the reverse rofler 20, the norweverse sensor 21 arxJ flapper 22. Thus, the original document D 
Is discharged onto an original-documertt discharge section 24 on the upper surface of the ADF 7. When the res^erse side 
of the original document D is read, the flapper 22 is swntched so that the original document D moved by the conveyance 

5 belt 18 is reversed by the reverse roller 20. Then, the original document D is moved to a predetermined position on the 
original-document retainer 12 by the corrveyance belt 18. 

The scanner section 4 disposed in the apparatus body 10 is provided with an exposing lamp 25 serving as a light 
source for illuminating the original document D placed on the original-document retainer 12; and a first mirror 26 for 
deflecting fight reflected by the original document D into a predetermined direction. Specifically, the exposing lanrp 25 

10 and the first nimir 26 are attached to a first carriage 27 disposed below the original-document retainer 1 2. 

The first carriage 27 is disposed in parallel to the original-document retainer 12. The first carriage 27 is able to 
reciprocate below the original-document retainer 12 by a drive motor through a toothed belt (not shown). 

A second carriage 28 capable of moving in parallel to the original-document retainer 1 2 is disposed below the orig- 
inal-document retainer 12. A second min-or 30 and a third minor 31 for sequentially delecting light reflected by the orig- 

15 inal document D deflected by the first mirror 26 are attached to the second caniage 28 to be perpendicular to each 
other. The second carriage 28 is. by the toothed belt for driving the first carnage 27. moved to follow the first carriage 
27. Moreover, the second carriage 28 is moved in parallel to the original-document retainer 12 at speed which is half 
the speed of the first carriage 27. 

An image forming lens 32 for converging light beams reflected by a third nnirror 31 disposed above the second car- 

20 riage 28 and a CCD sensor 34 for receiving reflected light converged by the image fomiing lens 32 to photoelectricaBy 
convert reflected light are disposed below the origirwil-document retainer 12. The image forming lens 32 is, by a drive 
mechanism, movably disposed in a plane inducfing the optical axis of light deflected by the third minror 31 . When the 
image forrring lens 32 is moved, reflected light is image-formed on a light receiving surface of the CCD sensor 34 with 
a required magnification. The CCD sensor 34 photoelectrical ly converts incidental reflected light to output an electric 

25 signal corresponding to the read original document C). — ^ : 

On the other hand, the printer section 6 has a laser exposing section 40. TTie laser exposing section 40 has a sem- 
iconductor laser unit 41. a polygonal mirror 36. a polygonal-mirror nrxrtor 37 and an optical system 42. The polygonal 
min-or 36 is a scanning member for sequentially deflecting a laser beam emitted from the semiconductor laser unit 41 . 
The polygonal-mirra motor 37 rotates the polygonal mirror 36 at a predetermined number of revolutions. The optical 

30 system 42 deflects the laser tjeam deflected by the polygonal mirror 36 to introduce the laser beam into the surface of 
a photosensitive drum 44 to be descrfoed later. The laser exposing section 40 having the above-mentioned structure is 
secured and supported by a support franne (not shewn) of the apparatus body 10. 

The semicorxluctor laser unit 41 is turned on/off in accordance with image data of the original document D read by 
the scanner section 4 or infomiation of a docunrwnt to be transmitted or received by the facsimile function. The laser 

35 beam output from the semiconductor laser unit 41 Ijecause of th&ftjregoing ON/OFF control is allowed to pass through 
the polygonal mirror 36 and the optical system 42, and then directfed to the photosensitive ctum 44. The laser l>eam is 
used to scan the outer surface of the photosensitive drum 44 so that an electrostatic latent image is fonned on the outer 
surface of the photosersitive drum 44. 

The printer section 6 is provided with the rotative photosensitive drum 44 serving as an image carrier disposed at 

40 substantially the center of the apparatus txxty 10. The outer surface of the photo-sensitive drum 44 is exposed to the 
laser beam emitted from the laser exposing section 40 so that a required electrostatic latent image is formed. Around 
the photosensitive drum 44. there are sequentially disposed an electrostatic charger 45. a developing unit 46. a sepa- 
ration charger 47. a transfer charger 48. a separation daw 49. a deaning section 50 and a destatidzer 51 . The electro- 
static charger 45 electrically charges the outer surface of the photosensitive drum 44 to a predetermined charge level. 

45 The developing unit 46 supplies toner serving as a developing material to the electrostatic latent image formed on the 
photosensitive drum 44 to develop the electrostatic laterrt image to have a predetermined image density. The separation 
charger 47 separates a transfer member fed from a paper cassette, to be described later, that is. copying paper P from 
the photosensitive drum 44. The transfer charger 48 transfers a toner image formed on the photosensitive drum 44 to 
the copying paper P. The separation daw 49 separates the copying paper P from the surface of the photosensitive drum 

50 44. The deaning section 50 deans toner left on tiie surface of the photosensitive drum 44. The destatidzer 51 destati- 
dzes the surface of the photosensitive drum 44. 

An upper cassette 52, a middle cassette S3 and a lower cassette 54 each of wNch can be drawn out from the appa- 
ratus body 10 and which are stacked up are disposed in the lower portion of the apparatus body lO. Copying paper 
sheets having different sizes are endosed in the foregoing cassettes 52. 53 and 54. A large-capadty feeder 55 is dis- 
ss posed on the side of the cassettes 52. 53 and 54. the large-capadty feeder 55 accommodating copying paper P which 
is used frequentiy for example, A4-size copying paper P by about 3.000 sheets. Moreover, a paper feeding cassette 57- 
eUso serving a manual feeding tray 56 is detachably loaded into a position above the large-capadty feeder 55. . 
In the apparatus^ Ixxiy 10. there is formed a conveyance passage 58 extending from eadi cassette and the large- 
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capacity feeder 55 to pass through a transferring section formed between the photosensitrve drum 44 arxl the transfer 
charger 48. A fbdng unit 60 is disposed at a trailing end of the conveyance passage 58. A discharge opening 61 is 
formed in the side wall of the apparatus body 1 0 confronting the fixing unit 60. A paper discharge tray 62 is loaded into 
the discharge operiing 61 . 

5 A pickup roller 63 for, one by one. taking out the copying paper P from the cassette or the large-capacity feeder 55 

is disposed adjacent to each of the upper cassette 52. the middle cassette 53. the lower cassette 54. the paper feeding 
cassette 57 and the large-capacity feeder 55. Moreover, the conveyance passage 58 has a multiplicity of paper feeding 
roOer paiis 64 tor moving, through the conveyance passage 58, the copying paper P taken by the pidoip roller 63. 
In the conveyance passage 58, a resist roller pair 65 is disposed upstream from the photosensitive drum 44. The 

JO resist roller F>air 65 corrects the inclination of the taken copying paper P and makes coincide the leading end of the toner 
image on the photosensitive drum 44 arxJ the leading end of the copying paper P with each other so as to feed the cop- 
ying paper P to the transferring section at the szime speed at which the outer surface of the photosensitrve drtm 44 is 
rotated. A sensor 66 in front of aligning section for detecting arrival of the copying paper P is cSspdsed on this side of 
the resist roller pair 65. that is, at a position adjacent to the paper feeding roller pairs 64. 

15 The copying paper P. one by one, taken out from any one of the cassettes or the large-capacity feeder 55 by the 
pickup roller 63 is moved to the resist roller pair 65 by the paper feeding roller pairs 64. The leacfing end of the copying 
paper P is adjusted by the resist roller pair 65. and then moved to the transferring section. 

In the transferring section, the developer image formed on the photosensitive drum 44, that is. the toner image is 
transferred to the copyir>g paper P by the transfer charger 48. The copying paper P on which the toner image has been 

20 transferred thereto is. by the separation charger 47 and the separation daw 49. separated from the surface of the pho- 
tosensitive drum 44. and then nrKJved to tiie fixing unit 60 through a conveyance beft 67 forming a portion of tiie upper 
cassette 52. The developer image is melted arxJ fixed to the copying paper P by the fixing unit 60. Then, the copying 
paper P is discharged onto the paper discharge tray 62 through the discharge opening 61 by the paper feeding roller 
pair 68 and the paper discharge roller pair 69. 

25 An automatic double-side apparatus 70 for reversing the copying paper P allowed to pass through the fixing unit 60 
and moving the copying paper P to the resist roller pair 65 is disposed below the conveyance passage 58. The auto- 
matic double-side apparatus 70 has a teniporary accumulation section 71 . a reverse F>assage 72, a pickup roller 73 and 
a paper feeding roller 75. The temporary accumulation section 71 is used to tenporarily accumulate the copying paper 
P. The reverse passage 72 is branched from the conveyance passage 58 to reverse the copying paper P so that the 

30 copying paper P is introduced into the tentporary accumulation section 71 . The resist roller pair 65. one by one. takes 
out the copying paper P accumulated in the temporary accumulation section 71 . The paper feeding roller 75 feeds the 
copying paper P to the resist roller pair 65 through a conveyance passage 74. An assigning gate 76 for selectively 
assigning the copying paper P to the cfischarge opening 61 or the reverse passage 72 is disposed in a portion in which 
the conveyance passage 58 and the reverse passage 72 are branched from each other. 

35 When a double side copying operation is performed, the cof^ng paper P allowed to pass through the fixing unit 60 
is introduced into the reverse passage 72 kjy the assigning gate 76. Then, the sheets of the copying paper P in a turned 
over state are tenrporeirily stacked in the temporary accumulation section 71 . Then, the copying paper P is moved to the 
resist roller pair 65 ttirough the conveyance passage 74 by the pickup roller 73 arxl the paper feeding roller 75. Then, 
the position of the copying paper P is adjusted by the resist roller pair 65. and then again moved to the transferring sec- 

40 tion. Thus, the toner image is transferred to the reverse side of the copying paper R Then, the copying paper P is ds- 
charged orrto the paper discharge tray 62 through the conveyance passage 58. the fixing unit 60 and the paper 
dischcirge roller pair 69. 

The digital copying machine also has an operating panel 80 and a main corrtrd section 90 as shown in FIG. 2, 
The operation panel 80 has a printing key 81, an input section 82, a panel CPU 83 and a ten key pad 84. The print- 
45 ing key 81 is used to input an instruction to start the copying operation. The input section 82 is used to input various 
instructions for the digital copying machine, the input section 82 having button switches (not shown) and a touch panel 
82a. The touch pane! 82a is used to determine the copying magnification, instruct to perform a partial copying opera- 
tion, instruct a region which nrust be partially copied, arxi detemnine/change an upper density threshold and a lower 
density threshoW to be described later. The panel CPU 83 totally controls the operation panel 80, The ten key pad 84 
so is used to set the number of copies. 

Referring to FIG. 2. a control system for the digital copying machine shown in FIG. 1 will now t>e descrtoed. 
As shown in FIG. 2. the digital copying machine has three CPUs which are a nnain CPU 91 in a main control unit 
90. a scanner CPU 100 in the scanner section 4 and a pjrinter CPU 1 1 0 in the printer section 6. 

The main CPU 91 performs a bidirectional commuiication with the printer CPU 1 10 through a shared RAM 95 in 
55 such a manner that the main CPU 91 issues an instruction to perform the operation. In response to this, the printer CPU 
110 returns status information. The printer CPU 1 1 0 and the scanner CPU 1 00 perfomis a serial communication in such 
a manner that the printer CPU 110 issues an instnjction to perform the operation. In response to this, the scanner CPU 
100 returns status information. Note that the operation panel 80 is connected to the main CPU 91 . 
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The main control unit 90 is provided with the main CPU 91. a FEOM (Read Only Menwry) 92. a RAM (Random 
Access Memory) 93. a NVM (Non-Volatile random access Memory) 94. the shared RAM 95. an image processing sec- 
tion 96. a page niemory control unit 97. a page memory 98 and an image synthesizing section 99. 

The main CPU 91 totally controls the main control unit 90. In the ROM 92. a control program is stored. The RAM 
5 93 is used to temporarily store data. The NVM 94 is a nonvolatile menwry l>acked up by a battery to be capable of sav- 
ing data on the NVM 94 when the power stppfy has been interrupted. The shared RAM 95 is used to perfonn bidirec- 
tional communication between the mairi CPU 91 £ind the printer CPU 1 10. 

The inage processing section 96 sutjjeds image data supplied from the scanner section 4 to various image proc- 
esses, for exanple. a filtering process, a range con^on process, a weighting process arxj a synthesizing process to 
10 be described later. The page memory control unit 97 stores image data in ttie page memory 98 and reads image data 
stored in the page memory 98. The page memory 98 has a capacity capable of storing image data for a plurality of 
pages in such a manner that compressed image data is stored tor each page. 

The scanner section 4 is provided with the scanner CPU 100. a ROM 101 . a RAM 102. a CCD driver 103. a scan 
motor driver 104. an image correction section 105 and the like. The scanner CPU 100 totally controls the scanner sec- 
15 tion 4. The ROM 101 is used to store a variety of contiol programs. The CCD driver 103 operates the CCD sensor 34. 
The scan motor driver 104 controls motors for moving the exposing larrp 25 and the mirrors 26, 27 and 28. The image 
correction section 105 is conrposed of an A/D conversion circuit for converting an analog signal supplied from the CCD 
sensor 34 into a digital signal, a shading correction drcuit tor correcting change in the threshold level of an output signal 
from the CCD sensor 34 occun-ing attrftxjtable to change in ttie atmospheric temperature and a line menwy in which 
so the digital signal sut^jected to the shading con-ection in the shacfing correction circuit is temporarily stored. 

The printer section 6 is provided with the printer CPU 1 10. a ROM 1 1 1 . a RAM 1 12. a laser driver 1 1 3. a pdygonal- 
min-or motor driver 1 1 4. a paper conveyance section 1 15. a development process section 1 1 6, a fixation control unit 1 1 7 
and an option section 1 18. The printer CPU 110 totally controls the printer section 6. The ROM 1 1 1 te used to record a 
variety of control programs. The laser driver 113 turns on/off the semiconductor laser unit 41 wrtiich emits a laser beam. 
25 The polygonal-min-or motor driver 1 1 4 controls rotations of the polygonal-mirror nxrtor 37 of the laser unrt 40. The paper 
conveyance section 1 15 controls conveyance of the copying paper P through the conveyance passage 58. The devel- 
opment process section 1 16 operates the electrostatic charger 45. the developing unit 46 and the transfer charge r 48 
to perform a developing process including charging, developing and transfening processes. The fixation control unit 
117 controls the fixing unit 60. ^ 
30 The image processing section 96. tiie page mwiry 98, the image conection section 105 and the laser dnver 1 13 
are connected to one another by an image data bus 1 20. - 

Refen-ing to Fia 3, the image processing section 96 sennng as the image processing unit wriD now be described. 
The image processing section 96 is provided with a LB Oine buffer) 201 , a LB (line buffer) 202. a LPF (low pass 
fitter) 203 serving as a first filtering means, a HPF (high pass fitter) 204 sennng as a second filtering mears, a density 
35 histogram producing section 205. a con-ection reference value calculating section 206. a range correction section 207 
serving as a correction means, a mutt^e^208 ©aSmtg as%mufiiplying means, an adder 209 senring as a synthesizing 
means, an output selection section 2l6"servihg as a sSecting means, an enlargement/reduction processing section 
21 1 . a ^adation processing section 212 and a threshold setting section 220 serving as a sitting means. 

The l-B 201 is supplied with image data read and acquired by the scanner section 4. The LB 202 is suppDed with 
40 image data read by the scanner section 4 and allowed to pass ttirough the LB 201 . The LPF 203 is supplied wrth image 
data read and acquired by the scanner section 4, image data supplied from the LB 201 and image supplied from tiie LB 
202. The HPF 204 is connected in parallel to the LPF 203. Also the HPF 204 is supplied wrth image data read by tiie 
scanner section 4. image date supplied from the LB 201 and image data supplied from ttie LB 202. Thus-supplied 
image data is subjected to a high pass fStering process. - 
45 The low pass tittering process is a process for restraining a high frequency component (extracting a low frequency 
component) to prevent moire. As a resutt of the low pass tittering process, a first spatial frequency component is 
exb-acted from image data supplied to ttie LPF 203: That ©. image data suljjected to the low pass fittering process and 
having ttie f irst spatial frequency component is supplied from the LPF 203. The high pass f atering process is a process 
for intensifying the high frequency component (restraining the low frequency component) to highlight edges. As a result 
so of ttie Hgh pass fBtering process, a second spatial frequency component higher than ttie first spatial frequency is 
extracted from image data supplied to ttie HPF 204. That is. image data subjected to ttie high pass fittering process and 
having the second spatial frequency component is supplied from the HPF 204. 

The density histogram producing section 205 produces a density histogram in accordance witti image data read by 
ttie scanner section 4. The con-ection reference value calculating section 206 calculates a correction reference value 
£5 for use in a density con-ection process in accordance witti ttie densrty histogram produced by ttie density histogram pro- 
ducing section 205. The range con-ection section 207 uses a rrference value for a white image and a reference value 
for a black image which have been calculated by ttie correction reference value calculating section 206 and which are 
references value for tiie corrections to conect the density range of image data subjected to ttie low pass f atering proc- 
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ess (that is. a real time and automatic density acflusiment is performed). The range correction section 207 supplies 
image data sutijected to the range correction process. 

The multiplier 208 performs a weighting process in suc^i a manner that image data subjected to the high pass ffl- 
tering process is muttiptied by weighting coefficient K. Therefore, the multiplier 208 outputs image data si^jected to the 

5 multiplying process. The adder 209 adds (synthesizes) image data sdbjected to the range correction process and 
image data subjected to the multiplying process. Therefore, the muttipiier 208 outputs synthesized image data. 

The threshold setting section 220 is provided with a lower limit setting section 220a and an upper limit setting sec- 
tion 220b so that a threshold of the lowest density set to the lower limit setting section 220a and a threshold of the high- 
est deristty set to the upper limit setting section 220b are supplied to the output selection section 210. The input section 

10 82 of the operation panel 80 may be used to arbitrarily change the threshold of the lowest density set to the lower linrit 
setting section 220a and the threshold of the highest density set to the upper limit setting section 220b. 

The output selection section 210 is provided with a comparison section 210a. The comparison section 210a sut>- 
jects, to a conrparison, the density level of image data subjected to the range correction process and tiie tiireshotd of 
the lowest density and the threshold of the highest density In accordance with a result of the comparison supplied from 

15 the comparison section 210a, the switching circuit 210b in the output selection section 210 is used to select either 
image data subjected to the range correction process or syrrthesized image data. Then, selected image data is output 
In the enlargement^eduction processing section 211. selected image data output from the output selection section 
210 is subjected to an entargement^reduction process, if necessary. In the gradation processing section 212. image 
data output from the ertlargement/reduction processing section 21 1 is subjected to a pseudo haiftone process ty using 

20 an error diffusion method or a dither method. Image data processed in the gradation processing section 212 is supplied 
to the printer section 6. The printer section 6 forms an image in accordance with supplied image data and outputs the 
formed image. 

Note that the image processing section 96 is provided with a timing signal generating section (not shown) and a 
clock generating section (not shown). The timing signal generating section supplies various timing signals required for 
25 the blocks in tiie image processing section 96 in accordance with the dock signal supplied from the dock generating 
section. 

FIGS. 4 and 5 schematically show the density histogram produced by tine density histogram produdng section 205. 
When one A4-size (210 mm x 297 mm) image is read at 400 dpi. the total number G of pixels is as follows: 

30 G = 210 X 297 X (400/25.4)^ (1) 

Each of the pixels induded in the image by the number G has a density. The density is expressed with 8 bits in this 
embodiment. The axis of abscissa of the graph shown in FIG. 4 stands for the density, while the axis of ordinate stands 
for the frequency (the number of pixels). In this embodiment a region between a lowest density level arxj the highest 

35 density level, which are the subjects of the density levels, is uniformly divided into 256 steps (OOh to FFh). The lowest 
density level is made to be density level OOh. while the highest density level is made to be density level FFh. FIG 4 
shows the relationship between the density and the frequency in such a manner that the 256 density levels are simpB- 
fied into 16 density levels. By employing the divisfon into 16 levels, the hardware can significantly be sinrplified and 
reduced in siza The division into 16 levels is suffidem to obtain the quantity of information to produce the histogram for 

40 use in the automatic density adjustment function. FIG 5 shows a method of dividing the density Into 1 6 levels, in which 
division No. 0 indudes pixel values in a range from OOh to OFh and division No. 1 indudes pixel values in a range from 
1 0h to 1 Fh. Similarly, ranges of the pixel values are determined to division Na FFh. 

Prior to describing the density fistogram produdng section 205. the range con-ection operation performed by the 
con-ection reference value calculating section 206 and the range connection section 207 will now be described. The 

45 range correction fonction is a function for use in the automatic exposing function of an analog copying machine to cut 
the ground wfiich is the background. 

In general, when an original document is digitally read and a density histogram is produced, the density histogram 
is as shown in FIG. 6. If an original document is. for example, a newspaper having a conskjerably high density of the 
ground, one peak is formed in the ground density portion as indicated with a symbol M shown in FIG. 6. Moreover, 

so arx)ther peak is formed in the character density portion as irxiicated with a symbol N. -Although the analog copying 
machine erases the ground density portion by contrdling tiie luminance of the exposing lamp, the digital copying 
machine obtains a similar effect by perfornning the following signal process. 

To put it simply, densities DW and OB conresponding to the peak points M and N are obtained, followed by perform- 
ing the following calculations. Thus, the density histogram is converted into a distribution as shown in FIG. 7. The den- 

55 sities DW and DB are called conection refference values. The density DW is called as a reference value for a white 
image, while the density DB is called as a reference value for a black innage. The densities DW and DB are caknjiated 
by the correction reference value calculating section 206 in accordance witii the histogram of each scanning line pro- 
duced by tfie density histogram produdng section 205. 
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DN = (Dl - DW) X Fi=h/(DB - DW) (2) 

where Dl is the density of an input pixel. DN is the corrected density of the pixel and FFh is the highest density of the 
pixel. That is. the range (the width of the density from M to N is extended to a range from OOh to FFh. 

A method of producing the histogram will schematicaDy be described. The following equation is a basic calculation 
for producing the histogram. The histogram is produced for each of the main scanning lines. Whenever the process for 
producing the histogram for one line is ended, a reference value for correcting the range is obtained. In accordance with 
the reference value, the range correction process is performed. Note that the total number of data items for forming the 
histogram is always constant 

' . " A* = A-aA+aB (3) 



where 

A' = corrected frequency (the number of pixels) coiresponding to each density of the present line 

A = frequency corresponding to each frequency calculated to the previous line 

B = frequency corresponding each density of the present line 

a = weighting coeffidertt 

The weighting coefficient a is a value with which the frequency value accumulated in each line is multiplied, the 
value of a is set to conespond to the number of lines as shown in FIG. 8 and is selected from fourteen values (1. 1/2, 
1/4. 1/8. 1/16, 1/32. . 1/2048. 1/4096 and 1/8192). 

The density histogram producing section 205 will now be described. The density histogram producing section 205 
calculates A' = (A") + aB for each input pixel during a process for reading one line. Then, the density histogram produc- 
ing section 205 calculates the frequency (A*) = A - a A for each density of the histogram in a period from reading of one 
line to reading of a next line, that is. in a period in which any density of the pixel is not input As described above, the 
density histogram producing section 205 produces a corrected frequency value A* = A - aA + aS about the present 
line. The thus-produced histogram is used by the con-ection reference value calculating section 206 to calculate the ref- 
erence value for correcting the range. — 

Two modes consisting of rrxxJe 0 and mode 1 are provided to produce the histogram so that either of the modes is 

selected: 

Mode 0: addition mode which depends upon the number of sub-scanning lines and in which the weighting coefficient 
is varied. - 

Mode 1 : addition rixxJe in which the weighting coefficient tor the input pixel is constant 

In the mode 0. the value of co^tcient a is changed to correspond to the number of counts of the main scanning 
lines to produce the histogram. In the mode 1 . the coefficient is made to be constant regardless of the count value of 
the train scanning lines to produce the histogram. - 

FIG. 9 is a block diagram showing the detailed structure of the density histogram producing section 205. Pixel den- 
sity signals IDAT4 to IDAT7 are supplied to one of terminals of a switch 141 from the scanner section 4. while signals 
CDTOO to CDT03 of output data from a counter 142 are supplied to arxjther terminal. The switch 141 selects either of 
the foregoing input signals in response to a selection signal supplied from the timing signal generating section (not 
shown) to output the selected signals SLDTO to SLDT3 to a selector 1 45 and the clock generating section (not shown). 
The pixel density signate"IDAT4 to 1DAT7 are upper four bits of the pixel density, and IDATO to IDAT3 are ignored. The 
timing signal CTLO supplied from the timing signal generating section is made to be a high level between the lines, that 
is. in a period in which the pixel density signal is not being read. Thus, the switch 141 selects and outputs the signal 
supplied from the counter 142. 

When •(A') = A - a A " is calculated, the counter 142 supplies a required value (a count value) to the dock generat- 
ing section and the selector 145..When the pixel density is not being read, the counter 142 generates a four-bit count 
value for causing the output from the dock generating section to sequentially be selected and generated. The counter 
142 is suppfied with counter deck signal CT1CK from the timing signal generating section and is deared in response 
to counter dear signal CT1CL supplied from the timing signal generating section. The counter dear signal CT1CL is 
made to be a low level when the pixel density signal is being read so that the counter 142 is deared. 

The dock generating section selects and outputs any one of sixteen outputs FCKO to FCKF at the period of input 
dock signal MCK. FIG. 1 0 shows the relationsNp between input signals and output signals in the dock generating sec- 
tion. 

Histogram registers (flip flops) 144, to 144f latch and output conected frequency (WDAT) of each pixel density at 
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the first transition of each of input dock signals FCKO to FCKF. The input signal WDAT is the foregoing "A' - oA" or "(A*) 

+ oB". Corrected frequency signals HO to HF supplied from the histogram registers 1 44, to 144f are also output to the 

correction reference value calculating section 206. 

The selector 1 45 is supplied with the frequencies (the number of pixete) corresponding to the 16 levels of densities 
5 HO to HF supplied from the histogram registers 144| to 144p In response to input signals SLDTO to SLDT3 supplied 

from the switch 141 . the selector 145 selects one data items (each of which has a bus width of 26 bits) from sixteen 

data items HO to HF to output signal HSDT 

A SLb-sceinning Bne counter 153 is supplied with line synchronizing signal HDEN from the timing signal generating 

section as shown in a timing chart shown in FIG. 16. In response to this, the stb-scanning line courrter 153 outputs 
10 count value signals FDATOO to FDAT12 to the dock generating section 152. The stto-scanning line counter 153 is 

deared in response to dear signal CRST supplied from the main CPU 91 whenever one page of the original document 

is scanned. 

The dock generating section 152 is supplied with output signals FDATO to FDAT12 from the sub-scanning line 
courrter 153 and pixel synchronizing dock sigrial GCK from the scanner section 4. As a result, the dock genOTting see- 
rs tion 512 outputs signal HCK to the counter 151 and the addition result generating section 150. When the value of the 
signal FDAT is any one of 1 . 3. 7, F, 1 F, 3F. 7F. IFF. 3FF. 7FF. FFF or 1 FFF. the dock generating section 152 outputs 
one dock of the input pixel synchronizing dock sigrieU. When all of the line number signals FDAT are "1 that is. when 
FDAT = 1.3 (11). 7 (111), F (1111). • • the dock generating section 152 comprising an AND drcuit outputs one 
dock. 

20 The counter 151 is supplied with the dock signal HCK from the dock generating section 152. Thus, the counter 1 51 
outputs courrt value signals CDT20 to CDT23 to the seledor 147 when the mode is mode 0. Also the counter 151 is 
cleared for each page in response to the dear signal CRST supplied from the main CPU 91 . The count values CDT20 
to CDT23 are values for selecting a, as shown in FIG. 8. 

A fixed-coeffident register 155 outputs a fixed coeffident when the mode fe mode 1. A switch 156 is switched in 

25 response to mode signal SL1 supplied from the main CPU 91 in such a manner that the switch 156 is switched to the 
counter 151 when tiie mode is rrxxle 0 arxi switched to the f ixed-coefficient register 155 when the nxxle is mode 1. 

A subtraction result generating section 1 46 outputs "oA" for use to calculate "(A") = A - aA ". The subtraction result 
generating section 146 is supplied with the output signal HSDT from the selector 145 to generate a value obtained by 
dividing the signal HSDT by the power of 2 (shifts the signal HSDT). 

30 In response to input signals SSU) to SSL3. the selector 147 determines "oA" for use to calculate "(A*) = A - oA " 
which is performed between lines, that is. when no pixel signal is being read. If ttie value of the input signals SSLO to 
SSL3 is T. the selector 147 outputs (the value of the signal HSDT)/2. If ttie input value is "2". the selector 147 outputs 
(the value of the signal HSDT)/22. H the input value is C. the selector 147 outputs (the value of the signal HSDT)/213. 
A subtraction section 1 49 performs subtraction as "(A*) = A • aA The subtraction section 1 49 is supplied vintii the 

35 dertsity signal HSDT (A in the foregoing equation) from the selector 145 and also supplied with subtraction number sig- 
nal SDT (oA in the foregoing equation) from the selector 147 to output signal YDAT which is a result of the subtraction. 

An addition result generating section 150 generates "aB* tor use to calculate 'A' « (A*) + aB The addition result 
generating section 1 50 is supplied with the dock signal HCK from the dock generating section 152 and outputs signal 
XDAT to the adder section 148. Also the addition result generating section 150 is deared tor each page in response to 

40 the dear signal CRST supplied from the main CPU 91 . FIG. 1 1 shows an example of the output from the addition result 
generating section 1 50. When the dear signal CRST is supplied, an initial value of 2000H is output. Whenever the dock 
signal HCK is supplied from the dock generating section 1 52, 1/2 of a present value is output. Since the output is a hex- 
adedmal value, half of. for example, present value 2000H is 1000H. and half of present value 1000H is 800H. FIG. 12 
shows change of each signal corresponding to change in the signal FDAT. 

45 The adder section 1 48 performs addition A' = (A*) + aB . The adder section 1 48 is supplied witii the frequency sig- 
nal HSDT from the seledor 1 45 and addition data signal XDAT from tiie addition result generating section 1 50 to output 
signal ZDAT which is a result of the addition. FIG. 13 shows an example of additions indicated by the signal ZDAT. 

A switch 154 swvitches the calculation between (A*) = A - aA and A' = (A*) + aB . One of the terminals of the switch 
154 is supplied witii the addition result signal ZDAT from the adder section 148, while another terminal of the same is 

so supplied with sutrtradion result signal YDAT from the subtraction section \ 49. In response to selection signal CTL1 , one 
of the signals is selected so that selection result signal WDAT is output to the histogram registers 144, to 1 44p 

Production of the histogram having the structure shown in FIG. 9 will now be described with reference to a timing 
chart shown in FIGS. 14, 15 and 16. 

FIG. 14 is a timing chart showing a state in which 'A* » (A*) + aB ' is calculated for each input pixel during reading 

55 of one line. The signal MCK is a main dock which synchronizes tine pixel signal. The pixel density signals IDAT4 to 
IDAT7 supplied from the scanner section 4 are four uppei- bits of the pixels density and are supplied to the switoh 141 . 
Since sut)-scanning enable signal CTLO is enable Oow level) in this case, the switch 1 41 sup)plies inputs IDAT4 to IDAT7 
to tiie selector 1 45 and the dock generating section 1 43. 
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In accordance with the pixel signals IDAT4 to IDAT7. that is. the value of the selection input signal, the selector 145 
selects outputs (the frequency) from the histogram registers 144, to 144p to output selected frequency signal HSDT. 
The signal HSDT is, in the adder section 148. added with a coefficient (XDAT) which is weighted to correspond to the 
nun*er of fines. Since switch 154 is. in this case, switched to the adder section 148 in response to the input signal 
5 CTL1 . the adcfition result signal ZDAT is returned to the histogram registers 1 44t to 1 44p 

Then, the dock generating section 143 outputs the dock signals FCKO to FCKF in response to the pixel signals 
IDAT4 to IDAT7. Each of the histogram registers 144, to 144f latches, that is. stores the value of the output signal WDAT 
from the swntch 154 at the first transition of each of the dock signals FCKO to FCKF. The above-mentioned process is 
perfomied for each of pixels for one line so that the histogram for one line is generated. Thus, a reference value for 
10 adjusting the pixel density is calculated, the reference value being used in the process for a next line. 

The frequency of each density of the histogram is obtained by calculating "(A*) = A - aA " in a period from reading 
of one line to reading of a next line, that is no pixel density signal is not being input. 

FIG. 15 is a timing chart showing a state where the sutrtradion process is performed. The switch 141 is switched 
to the counter 1 42 in response to the selection signal CTLO. whHe the switch 154 is switched to the subtraction section 
15 1 49 in response to the selection signal CTL1 . The selector 1 47 subtracts the coeffident (when the mode is mode 0) or 
a fixed coeffident {when the mode is mode 1) determined in accordance with the count of the sut>-scanning counter 
from each histogram value. After the sutatraction process has been ended, the operation is shifted to a usual histogram 
producing operation. Since the above-mentioned operation is repeated, the histogram having the total quantity of data 
which is not changed is generated whenever each main scanning line is read. 
20 As described above, the histogram can be obtained for each main scanning line. Thus, real time and automatic 
density adjustment using the histogram can be performed. Moreover, the frequency is nxiltipHed with the weighting 
coeffident which is changed in accordance with the number of read lines to accumulate the frequendes so that the his- 
togram having the total quantity of data which is not changed is generated whenever each main scanning line is read. 
If the weighting coeffident is made to be a fixed value, a histogram capable of corresponding to rapid change in the den- 
as sity of the image of the original document can be obtained. 

Referring back to FIG. 3. various processes which are performed by the image processing section 96 and which 
are the essential portion of the present inverttion will now be described. 

Input image data read by the scanner section 4 is tenrporarily received by the LB (line buffer) 201 . Data of input 
image is also received by the LB (line buffer) 202 through the LB 201. Each pixel in a local region (3 x 3) represented 
30 by data of an input image is defined as shown in FIG. 1 7. That is. pixels are defined to be f (i ■ 1 . j - 1). f (i. j - 1). ^ (" + 
1. 1 - 1). f (i - 1. i). ^ 0. j). f 0 + 1. D. ^ (i • 1. i + 1). M'. i + 1) and f fi + 1. 1 + 1). The pixel f (i. D is made to be a pixel of 
iriterest and image data subjected to the low pass filtering process which can be obtained by siijjecting the pixel of 
interest f fi. D to the low pass filtering process by the LPF 203 is defined to be I (i. D- 1 0. J) 's expressed by the following 
equation: ' " " " ' ' 

35 

iO.D = La><*O.D.+ ii5'«P('.i-i) + ^('.i+i)] + Ljc><P('-i.D + *0+i.i)]+ 
Ld X p 0 - 1 . i - 1 ) + f (i + 1 . i • 1 ) + 1 0 - 1 . i + 1 ) + ^ 0 + 1 . i + 1 )1 

40 Note that coeffidents La. Lb. Lc and Ld are low pass filtering coeffidents of the LPF 203 for the region 3x3 showm 
in FIG. 18. In order to prevent change in the local average density occurring before and after the low pass filtering proc- 
ess, the coeffidents must satisfy the following equation: 

La + Lb + Lc + Ld = 1 (5) 

45 

In order to con-ect the contrast of the image, image data I (i. D subjected to the low pass filtering process is sub- 
jected to the range correction process by the range correction section 207. Image data subjected to the range correc- 
tion process is defined to be r (i. j)- 

In parallel to the low pass fiftering process which is performed by the LPF 203 and the range conection process 
so which is perfonned by the range correction section 207. the high pass filtering process is performed by the HPF 204. 
Simiiariy to the above-mentioned process, pixels of input image data in a local region (3 x 3) are defined as shown in 
FIG. 17. Moreover, f fi. j) is made to be a pixel of interest Image data obtained by sul)jecting the pixel of interest f (i. 1) 
to a high pass filtering process in the HPF 203 is defined to be H (i. i)- H (i. j) is expressed by the following equation: 

55 HO.D = Haxf(i.j) + HbxP(i.i-1) + fO.J + 1)] + Hcx[f(i-1.i)+fO + 1.Dl+ ^g) 

Hd X [f 0 - 1 . i - 1 ) + f (i + 1 . j - 1 ) + f 0 - 1 . i + 'I ) + ^ 0 + 1 . i + )] 
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Note t^lat the coefficients Ha, Hb. He and Hd are Ngh pass ffltering coeffidents for the HPF 204 fc>r the region 3 x 
3 shown in FIG. 19. 

Then, data subject to the high pass filtering process is subjected to a niuttiplying process in the muftipner 208. The 
multiplying process is performed in such a manner that image data subjected to the high pass filtering process is mul- 

5 tiplied by a weighting multiplication coefficient parameter K. In accordance with the value of the weighting multiplication 
coefficient parameter K. the highlighting degree of the edge can be adjusted. That is. an optimun value corresporxiing 
to the MTF characteristic and the like of the scanner section 4 can be set. In this case, the edge is further highlighted 
in proportion to the value of the parameter K. Note that image data which has been subjected to the muttiplying process 
in the adder 209 is called image data subjected to the multiplying process. 

10 Image data subjected to the range correction process and image data corresponding to image data subjected to 
the range correction process and subjected to the muttiplying process are synthesized by the adder 209. Image data 
obtained by the foregoing synthesizing process is defined to be V (i, j"). 
f 0, D is expressed by the following equation: 

15 f(i.D-r(i.j) + h(i.j)xK (7) 

The above-mentioned high pass filtering process and the low pass filtering process can be realized by a 2-line 
buffer. 

Although the description has been performed about the case in which the mask size is 3 x 3, the present inverrtion 
20 is not limited to this. The mask size may artiitrarily be determined. Size (m x n) generally requires a line buffer for (n - 
1) lines. Thus, the size can be halved as compared with the conventional structure. Because the conventional structure 
performed the high pass f Btering process after the tow pass filtering process and both the high pass filtering process 
and the lowpass filtering process require a lines buffer for (n - 1) lines. Also the values and positions of the coefficients 
for the LPF 203 and HPF 204 are not limited to those according to this enrtbodi 
25 ment They rray be art^itrary values and positions. A density inversion phenomenon will now be descn"bed by using 
a sample of image data shown in FIG. 20 and consisting of image data 1 . image data 2. image data 3 arxJ image data 4. 

Initially, attention is paid to image data 1 and image data 2 to describe the phenomenon. Image data la when read 
by the scanner is composed of a plurality of pixels having a first density level. Specifically, image data 1 a is composed 
of a 3 X 3 pixel matrix, and each pixel has a density level of FAh. On the other hand, image data 2a when read by the 
30 scanner is composed of a plurality of pixels consisting of pixel having a first density level and pixels having a second 
density level higher than the first density level. Specifically, image data 2a is composed of a 3 x 3 pixel matrix, and cen- 
tral pixel of the pixel matrix has the density level of FAh and peripheral pixels surrourxling the central pixel have a den- 
sity level of FFh. 

That is. it can be said that image data 2a has irregular densities. When the foregoing image data 1 a and image data 

35 2a are compared with each other, it can be said that the density of image data 2a is (sut>stantially) higher than the den- 
sity of image data 1 a from a nrvacroscopic viewpoint. 

For example, the above-mentioned image data la is subjected to the low pass ffltering process and a range cor- 
rection process in which the reference value for a black image is F8h. As a result image data lb is obtained as image 
data sutjjected to the range correction process. Each pixel of image data lb has a density level of FFh at this time. In 

40 parallel to the low pass filtering process and the range correction process, image data 1 a is subjected to the high pass 
filtering process and a multiplying process in which the muttiplying coefficient K = 0.5. As a result image data 1c is 
obtained as image data subjected to the multiplying process. At this time, each pixel of image data 1 c has a density level 
of OOh. An assunrption is performed that the high pass filtering process which is performed by the HPF 204 employs 
high pass tittering coefficients Ha = 4. hb = 0. He = 0 and Hd = - 1 . Then, a synthesizing process is performed in which 

45 image data lb and image data 1c are synthesized. As a result, image data id is obtained as synthesized image data. 
At this time, each pixel of image data Id has a density level of FFh. 

SimOariy. image data 2a is subjected to the low pass tittering process and a range correction process in which the 
reference value for a black image is F8h. As a resuK, image data 2b is otstained as inr^ge data subjected to the range 
correction process. At this time, each pixel of image data 2b has a density level of FFh. In parallel to the low pass fBter- 

so ing process and tiie range correction process, image data 2a is subjected to the high pass filtering process and a mul- 
tiplying process in which muttiplying coefficient K = 0.5. As a result Image data 2c is obtained as image data subjected 
to the muttiplying process. At this time, pixels each having a minus component appear in image data 2c. An assumption 
is performed high pass tittering coeffidents Ha = 4, HboO. Hc = 0andHd = -1are employed in the high pass ffltering 
process which is performed by the HPF 204. 

55 Therefore, h 0. D which is obtained tiy sul)jecting the pixel of interest f 0. j) to the high pass tittering process is made 
tobehaD = - 1 ^FFh><4 + 4xFAh = -20 = - 14h. When the peripheral pixels f (i- 1,j - 1),f (i - l.j + 1). f (i + 1, j - 1) 
and f (i + 1 , i + 1) are subjected to the high pass filtering process, h ft - 1 . j - 1), h (i - 1 , j + 1). h (i + 1 , j - 1) and h (i + 1 , 
j + 1) are obtained which are h (i - l.j - 1) = h (i - 1. j + 1) = h (i + 1. j - 1) = h (i + 1. i + 1) = - 1 x FFh x 3 - 1 xFAhxl 
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^ 4 X FFh = 5. The resiits of the high pass firtering process to which the other peripheral pixels are subjected are zero. 

As described above, the range correction process and the muHiplying process are performed, and then the synthe- 
sizing process is perfomned to synthesize image data 2b and image data 2c As a result image data ad is o*3tained as 
synthesized image data. A! this time, the density level of the central pixel of image data 2d ^ FSh, while the density l»rel 

s of peripheral pixels surrountfing the central pixel is FFh. 

When Image data la arxJ image data 2a are subjected to a comparison, the density of image data 2a is, as 
described above, higher than the density of Image data la in a macroscopic viewpoint. When image data Id and image 
data 2d are subjected to a conparison. the density of image data 2d is lower than the density of image data Id in a 
macroscopic viewpoint. That is. a fact can be understood that the densities are inverted as a result of the syntheszing 

10 process. 

Then, attention is paid to image data 3 and image data 4 to descrtoe the phenomenon. Image data 3a is, in a state 
when read by the scanner, composed of a plurality of pixels having a third density level. Specifically, image data 3a is 
composed of a 3 x 3 pixel matrix, arxl each pixel has a density level of 05h. On the other hand, image data 4a. in a state 
when read by the scanner. Is composed of a plurality of pixels consisting of pixel having a third density le/el and pixels 
15 having a fourth density level lower than the third density level. Specificaily. image data 4a is composed of a 3 x 3 pixel 
matrix, the central pixel of the pixel matrix has the density level of 05h and peripheral pixels surrounding the central pixel 
have a density level of OOh. 

That is, it can be said that image data 4a has irregular densities. When the foregoing image data 3a and image data 
4a are compared with each other, it can be said that the density of Image data 4a is (sut>stantially) lower than the den- 
20 sity of image data 3a from a macroscopic viewpoint 

The above-mentioned image data 3a is subjected to the low pass filtering process and a range conection process 
in which the reference value for a black image is 08h. As a resuH. inrtage data 3b is obtained as image data subjected 
to the range correction process. Each pixel of image data 3b has a density level of OOh at this time. In parallel to the low 
pass filtering process and the range correction process, image data 3a is subjected to the high pass filtering process 
25 and a multiplying process in which the multiplying coefficient K = 0.5. As a result image data 3c is obtained as image 
data subjected to the multiplying process. At this time, each pixel of Image data 3c has a density level of OOh. An 
assumption is perfomied that the high pass filtering process which is performed by the HPF 204 employs high pass ffl- 
tering coefficients Ha = 4. Hb = 0. He = 0 and Hd = - 1 . Then, a synthesizing process is perfomied in which image data 
3b and image data 3c are synthesized. As a result image data 3d is obtained as synthesized image data. At this time. 
30 each pixel Of image data 3d has a density level Of OOh. 

Similariy, image data 4a is subjected to the low pass filtering process and a range correction process in which the 
reference value for a black image is 08h. As a result image data 4b is obtained as image data siAijected to the range 
correction process. At this time, each pixel of image data 4b has a density level of OOh. In parallel to the low pass fPtering 
process and the range correction process, image data 4a is subjected to the high pass filtering process and a multiply- 
as ing process in which multiplying coefficient K = 0.5. As a result. Image data 4c is obtained as Image data subjected to 
the muHiplying process. At this time, pixels each having a minus component appear in image data 4c. An assumption 
is perfomied that high pass filtering coeHidents Ha = 4. Kb = 0. He = 0 and Hd = - 1 are employed in the high pass ffl- 
tering process which is perfomned by the HPF 204. Moreover, a synthesizing process for syrrthesizing image data 4b 
and image date 4c are performed. As a result, image data 4d is obtained as synthesized image data. At this time, the 
40 central pixel of Image data 4d has a density level of OAh and peripheral pixels surrounding the central pixel has a density 
level of OOh. 

When image data 3a and image data 4a are subjected to a comparison, the density of image date 4a is lower than 
the density of image date 3a in a macroscopic viewpoint as described above. However, when image date 3d and image 
date 4d are conpared with each other, it can be said that the density of image data 4d is (substentially) higher than the 
45 density of image date 3d in a macroscopic viewpoint. That Is. the densities are inverted as a result of the synthesizing 
process. 

Accordingly, the present invention is structured such that the output selection section 21 0 is operated to prevent the 
phenomenon of inversion of the densities. That is. in a case of image date having a possibility of the density inversion 
phenomenon. Image date subjected to the range correction jjrocess is selected and output In a case of image date 
so having no possibility of the density inversion phenomenon, synthesized image date is selected and output The selec- 
tion process is performed by the output selection section 210 in accordance with the threshold for the density supplied 
from the threshold setting section 220. 

The threshold setting section 220 is provided with the lower limit setting section 220a and the upper Emit setting 
section 220b. A lowest density threshold (D1 ) set to the lower limit setting section 220a. a highest density threshold (D2) 
55 set to the upper limit setting section 220b and a density value (D) of image date subjected to the range con-ection proc- 
ess are subjected to comparisons in the comparison section 210a. In accordance with a result of the comparison per- 
formed in the comparison section 210a. the output selection section 210 selects image date which must t>e selected. 
That is, either image date sutijected to the range correction process or image date subjected to the synthesizing proc- 
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ess is selected and output. 

Specifically, rf a result is such thatD2<DorD<D1, image data subjected to the range correction process is 
selected. If a result is such that D1 ^ D s D2, synthesized iniage data is selected. The highest density threshold and 
the lowest density threshold are determined in such a manner that the density inversion phenomenon can be prevented 
rt image data having the density value included in the foregoing threshold is subjected to the synthesizing process. For 
exanple, density level 01 h or density level 02h is set as the lowest density threshold. Density level FDh or density level 
FEh is set as the upper density threshold. 

Referring to a flow chart shown in FIG, 21 , the output selection process which is performed l>y the output selection 
section 210 wiD now be described. The process which is performed in accordance with the flow chart shown in FIG. 21 
is performed by the main CPU 91 shown in FIG. 2. 

InitiaJly. the lowest density threshold (D1) and the highest density threshold (D2) respectively are set to the lower 
limit setting section 220a and upper limit setting section 220b by operating the input section 82 of the operation panel 
80 (YES in ST10) (ST12). When the printing key 81 is depressed on condition that the lowest density threshold and ttie 
highest density threshold have been set (YES in ST14). the copying operation is started (YES in STie). When the cop- 
ying operation has been started, the image of the original document placed on the original-document retainer 1 2 is read 
by the scanner section 4 (STI 8). 

Input image data read and acquired by the scanner section 4 is subjected to the low pass filtering process by the 
LPF 203. Image data subjected to the low pass filtering process which has been subjected to the above-mentioned low 
pass filtering process is subjected to the range correction process by the range correction section 207 (ST20). In par- 
allel to the low pass filtering process arxJ the range conection process, input image data is subjected to the high pass 
filtering process k>y the HPF 204. Image data subjected to the high pass fittering process which has t>een subjected to 
the above-mentioned high pass filtering process is subjected to the muttplying process by the multiplier 208 (ST20). 
Then, image data subjected to the range correction process and image data subjected to the multiplying process are 
synthesized by the adder 209 (ST22). 

Then, the density level (D) of image data subjected to the range correction process, the lowest density threshold 
(D1) and the highest density threshold (D2) are subjected to comparisons in the comparison section 210a (ST24). If 
results of the comparison are D1 ^ D s D2 (YES in ST26). synthesized image data obtained by synthesizing image data 
subjected to the range correction process and image data subjected to the multiplying process is selected and output 
(ST28)- If results of the comparisons are D2 < D or D < D1 (fslO in ST26). image data sutajected to the range correction 
process is selected and output (ST30). Note that the process for selecting and outputting synthesized image data or 
image data subjected to the range correction process m accordance with the results of the comparisons is performed 
by the switching circuit 210b of the output selection section 210. 

Then, image data selected and output by the output selection section 210 is subjected to a next image process 
(ST32), and then printed out by the printer section 6 (ST34). 

Although the description of this embodimerrt has been performed atjout the structure in which the low pass f Dtering 
process and the high pass fittering process are performed in parallel, the present invention is not limited to this. That is, 
the order of the low pass f Btering process and the high pass filtering process may be determined artxtrarily. 

According to the present invention, the output selection section 210 selects and outputs image data subjected to 
the range correction process if image data has the posstoility of the density inversion phenomenon. In the case of image 
data having no possS)ility of the density inversion phenomenon, synthesized image data is selected arxl output. Thus, 
an image processing apparatus, an image processing method and an image forming apparatus having the following 
advantages can be provided. 

An image processing apparatus arxJ an image processing method can be provided which have a hardware struc- 
ture in which the range correction process is performed after the low pass fittering process has been performed and the 
weighting process is performed after the high pass fitterir>g process has been performed and which are capable of pre- 
venting the density inversion phenomenon occurring attritxitaljle to synthesis of image data subjected to the range cor- 
rection process and innage data subjected to the weighting process. Moreover, an image forming apparatos using the 
image processing apparatus can t>e provided. 

Claims 

1 . An image processing apparatus (96) for processing original image data, having a given density range, with a pre- 
determined manner to provide processed innage data, characterized by comprising: 

means (207) for correcting the density range of the image data to provide density-range-corrected image data 

con-esponding to a distributfon of the density of the image data; 

means (203. 204) for filtering the image data to generate filtered image data; 

means (209) fa synthesizing the density-range-corrected image data provided by said conecting means and 
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the fatered image data provided by said f atering means so as to provide syntheazed image data; and 
mear^s (210) for selecting either one of the density-range-corrected image data provided by said correcting 
' means and the synthesized image data provided by said synthesizing means, in accordance with the density 
range of the density-range-corrected image data, so as to provide selected image data as said processed 
image data. 

An image processing apparatus (96) tor processing original image data, having a given density range, with a pre- 
determined manner to provide processed image data, characterized by comprising: 

wherein said original image data includes first image data having pixels each provided with a first density level 
and secorxJ image data having rther pixels each provided with the first density level and a secorxl density level 
which is higher than the first density level, 

means (207) for correcting the density range of the first image data to provide density-range-corrected first 
image data corresponding to a distribution of the density of the first image data, and for correcting the density 
range of the second image data to provide density-rang e-corrected second image data corresponding to a dis- 
tritxjtion of the density of the second image data: 

means (203, 204) for filtering the first image data to generate filtered first image data, and for filtering the sec- 
ond image data to generate fdtered secorxJ image data; 

means (209) for synthesizing the density-rang e-corrected first image data provided by said correcting means 
and the filtered first image data provided by said filtering means so as to provide synthesized first image data, 
and for synthesizing the density-range-corrected secorxJ image data provided by said correcting means and 
the filtered second image data provided by said filtering means so as to provide synthesized second image 
data; and 

means (210) for selecting either one of the density-range^conected first image data provided by said correcting 
means and the synthesized first image data' provided by said synthesizing means, in accordance with the den- 
sity range of the density-range-corrected first image data so as to provide selected first image data as said 
processed image data, and for selecting either one of the density-range-corrected secofTd image data provided 
by said conecting means and the synthesized second image data provided by said synthesizing means, in 
accordance with the density range of the density-range-corrected second image data, so as to provide 
selected second in^ge data as said processed image data. >: 

wherein there are a first density level relation between the first synthesized image data and the second 
synthesized image data arxj a secorxJ density level relation between the first image data and the second image 
data, and . . - . ........ 

wherein said selecting means selects either one of the density-range-corrected first image data and the 
synthesized first image data, and selects either one of the density-range-conected second image data and the 
synthesized second image data, in order to prevent substantial inversion of said first density level relation with 
respect to said second density level relation. 

An image processing appEiratus according to claim 1 , 

characterized in that said f Btering means (203. 204) includes 

first filtering means (203) for filtering the image data to generate first filtered image data, and 
second filtering means (204) for filtering the image data to generate second filtered image data; 

wherein said correcting means (207) includes means (207) for changing the density range of the first 
filtered image data to provide said densfty-range-conected image data corresponding to a distribution of the 
density of the image data; and 

wherein said synthesizing means (209) includes means (209) for confining the density-range-cor- 
rected image data provided by said changing means with data corresponding to the second filtered image data 
provided by said second filtering means. 

An image pnx;essing apparatus according to claim 3. characterized by further conrprising 

means (208) fty nraLiltplying the second filtered image data provided by said second f Btering means with a pre- 
detennined coeffidenft so as to provide nudtiplied inriage data, wherein . ^ 

said synthesizing means (209) includes means (209) for combining the density-range-corrected image 
data provided by said conecting means with the nruiltiplied image data provided by said multiplying means 
aiYi corresponding to the density-range-corrected image data. 
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An image processing apparatus according to daim 1 . characterized in that 

said seJecting means (210) indudes comparing means {210a) for comparing the density level of the density- 
lange-corrected image data provided by said correcting means with a first density threshold and a second den- 
sity threshold, the density level of which is higher than that of the first density threshold, so as to provide a 
resutt of a comparison. 

An image processing apparatus according to daim 5, characterized by further comprising 

means (220a) for setting a second or third density level as a first density threshold and a 254-th or 255-th den- 
sity level as a second density threshold when a region from a lowest density level to a highest density level 
which are the subjects of density levels is uniformly divided into 256 steps, the lowest density level Is made to 
be the first density level and the highest density level is made to be a 256-th density level. 

An image processing apparatus according to daim 5. characterized in that 

said -selecting means (210) indudes sub selecting means (210) for selecting the density-range-corrected 
image data provided by said correcting means so as to provide selected image data, in a case where the den- 
sity level of the density-range-corrected image data is lower than the first density threshold or higher than the 
second density threshold, and for selecting the syrrthesized image data provided by said synthesizing means 
so as to provide selected image data, in a case where the density level of the density-range-con-ected image 
data is equal or higher than the first density threshold and equal or lower than the second density threshold. 

An image fornning apparatus characterized by corrprlsing: 

means (4) for reading an image and converting read image into a digital signal to provide the digital sigr^al as 
image data: 

means (207) for correcting the density range of the inriage data to provide density-range-corrected image data 

corresponding to a distritxjtion of the density of the innage data; 

means (203. 204) for filtering the image data to generate filtered image data; 

means (209) for synthesizing the density-rang e-conrected image data provided by said con-ecting means and 

the fatered image data provided by said filtering means so as to provide synthesized image data; 

means (210) for selecting either one of the density-range-corrected image data provided by said con-ecting 

means and the synthesized image data provided l>y said synthesizing means, in accordance with the density 

range of the density-range-corrected image data, so as to provide selected image data; and 

means (6) for fornning an inrege in accordance with selected image data to output formed imaga 

An image processing method characterized by comprising the step of: 

first step (ST20) for correcting the density range of the image data to provide density-range-corrected image 

data corresponding to a distritxition of the density of the image data; 

second step (ST20) lor f Itering the image data to generate filtered image data; 

third step (ST22) tor synthesizing the density-range-corrected image data provided by said first step and the 
. . filtered image data provided by said second step so as to provide synthesized image data; and 
fourth step (ST24 to ST30) for selecting either one of the density-range-con-ected image data provided by said 
first step and the synthesized image data provided by said third step, in accordance with the density range of 
the density-range-con-ected image data, so as to provide selected image data. 
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